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Facile One-pot Synthesis of Naphthoquinone-1,3-Dithioles via 2,3-Dichloro-1,4-naphthoquinone
and Amines Involving CS,

Huanming Huang,' Jing Han,? Fang Xu,! Yujin Li,*! Huaging Dong,! Wubin Yu,! and Jianrong Gao*!
IState Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology,
Zhejiang University of Technology, Hangzhou 310032, P. R. China
2Xiao Shan Entry-Exit Inspection and Quadrant Bureau, Zhejiang, P. R. China

(Received April 11, 2013; CL-130330; E-mail: lyjzjut@zjut.edu.cn)

An efficient, simple, and facile one-pot approach of
synthesizing naphthoquinone-1,3-dithioles via 2,3-dichloro-
1,4-naphthoquinone and amines involving CS, was investigated.
Both amino acid esters and aliphatic primary amines were
applicable to this reaction and gave the corresponding hetero-
cycles in good yields through the two-step sulfur-attack process.

In recent years, maximizing synthetic efficiency while at the
same time minimizing unnecessary synthetic steps is a very
important and extremely powerful tool offering a straightfor-
ward route to generate complexity and diversity in a single
operation to construct numerous biologically active molecules.!
Compounds containing the sulfur heterocycles have shown a
wide range of pharmacological activities, found in common
structural scaffolds in natural products and bioactive molecules.?
Additionally, derivatives of sulfur heterocycles such as 1,3-
dithioles have been widely explored as new materials because of
their superconducting, optical, and electronic switching proper-
ties.? In particular, tetrathiafulvalenes (TTFs) (Figure 1) are the
most successful class of heterocycles in terms of creating highly
conducting and superconducting organic crystalline materials,*
and TTF—quinones systems constitute a promising field of
applications due to the interesting optoelectronic properties they
exhibiting.’

At the same time, the quinone structure is common in
numerous natural products® and important pharmacophores.’
Furthermore, a number of quinone structures, particularly,
heterocyclic quinones are associated with anticancer,® antibac-
terial,® antimalarial,'® and fungicide activities,'' and antiparasitic
agents.12

There are few protocols for the corresponding synthesis of
heterocyclic quinone derivatives involving C—S bond formation,
Compared to the new C-N and C-O bond-forming technologies,
despite the importance of sulfur-containing compounds. During
the past decades, several examples of synthesis of naphtho-
quinone-1,3-dithioles(naphtho[2,3-d][1,3]dithiole-4,9-quinones)
had been reported via 2,3-dichloro-1,4-naphthoquinone and 1,1-
dithiolate, which was prepared by amine and CS,."> Herein, we
investigated an efficient, simple, and facile one-pot approach of
synthesizing the naphthoquinone-1,3-dithioles via 2,3-dichloro-
1,4-naphthoquinone and amines involving CS,.

In order to synthesize the sulfur-containing heterocyclic
compounds, our initial investigations were focused on examin-
ing the feasibility of the reaction of 2,3-dichloro-1,4-naphtho-
quinone (1) and phenylalanine ethyl ester hydrochloride (2a)
with CS, (3) and optimizing the reaction conditions for
application to synthesize a variety of naphthoquinone-1,3-
dithiole derivatives. To our delight, the desired product 4a was
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Figure 1. Several TTFs molecules.
Table 1. Optimization between 2,3-dichloro-1,4-naphthoqui-

none (1), phenylalanine ethyl ester hydrochloride (2a), and
CS: (3)

o) o
cl 9 S
GO IR N CL = 0 y
al - Hel s o
o) o
1 2a

3 4a
Entry® 1:2a:3 Tem}/)féature Solvent 225;‘,) 32211,(1 1
1 1:1.23 0 CH,Cl, EtN (1.2) 56.5 40.5
2 1:23 0 CH,Cl, EtN (2.0) 60.1 352
3 1:1.2:3 R.T. CH,Cl, Et3N (1.2) 40.5 51.2
4 1:1.2:3 40 CH,Cl, Et3N (1.2) 35.6 53.5
5 1:1.2:3 0 CH,CI, E3N (2.0) 70.5 18.1
6 1:1.2:3 0 CH,Cl, E3N (3.2) 823 —

#Reaction conditions: the mixture of 1a (1.0 mmol), 2a (1.2—
2.0mmol), 3 (3mmol), EtzN (1.2-3.2mmol), and solvent
(5.0mL) was stirred for 2.5h under corresponding temper-
ature. PYield of the isolated product.

obtained in 56.5% yield, and 40.5% of 1 was recycled (Table 1,
Entry 1). Encouraged by these results, we then started to
optimize the reaction conditions to make sure that the 2,3-
dichloro-1,4-naphthoquinone (1) consumed up and improve the
chemical yield. As the quantity of 2a was up to 2 equiv, the yield
of 4a increased only slightly (Table 1, Entry 2). Several means
had been tried to make sure that 1 consumed up, but the results
were all unsatisfactory due to the volatility of CS, as the
temperature increased (Table 1, Entries 3 and 4). Excitingly, the
yield of 4a had significantly increased with Et;N increased
(Table 1, Entries 1, 5, and 6). With the optimized conditions
(Table 1, Entry 6), the corresponding product 4a was obtained
in 82.3% yield.

With the optimized reaction conditions in hand, we
investigated the substrate scope for this reaction (Tables 2
and 3). As highlighted in Table 2, a variety of amino acid ester
hydrochlorides 2a—2h could react efficiently with 2,3-dichloro-
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Table 2. Extending scopes using different amino acid ester
hydrochlorides

o o
cl o . s
O‘ + HQN%O,H “Hcl + CS» O‘ =N °
cl Al s )\(
o R
o
4

O-g2
1 2 3
Entry 2 R! R? 4 Y/‘;ld
1° 2a PhCH,— CH;CH,- 42 823
2 2b  (CH;),CH- CHj- 4 728
3 2¢ H- CH;CHy-  4c 523
4 2d H- CH;- 4d 462
5 2¢  (CH3,CH-  CH;CHy-  4e 700
6 2f CHj- CH;CH-  4f 732

CH;CH»~ 4g 669

CH;CH,— 4h 75.0

8See ref 14 for details of experimental procedure.

Table 3. Extending scopes using different primary amine

hydrochlorides
0
CO-"
s
o]
4

o
cl
O‘ + HN.oi-HCl + cs,
cl
o

1 2 3
Entry 2 R! 4 Y/loe/})d
1 2i CHy— 4i 78.2
2 2 CH;CHy— 4 83.6
3 2k CH;CH,CH,- 4k 89.3
4 21 (CH;),CH- 41 58.8
5 2m CH;CH,CH,CH,— 4m 73.3
6 2n CeHis— 4n 73.1
7 20 C10H21— 40 78.6
8 2p C12H25— 4p 60.2
9 2q PhCH,— 4q 60.1
10 2 9 4 489

1,4-naphthoquinone in the presence of CS,, and the correspond-
ing products could be obtained in good to excellent yields
(Table 2, Entries 1-8). Unfortunately, lower yields of 4c and 4d
were obtained: 52.3 and 46.2%, respectively; the reason may be
that the side reaction of urea was increased due to the small
steric effect of glycine ester (Table 2, Entries 3 and 4). The
structure of 4a was determined by X-ray crystal analysis
(Figure 2).'6

In order to further extend the applicability of this reaction,
we also investigated the aliphatic primary amines in this
reaction; the results are summarized in Table 3. Propylamine
was used in order to establish the full scope of this interesting
reaction at first. Unfortunately, the corresponding product 4k
was only obtained in 68.5% yield when propylamine was used
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Figure 2. ORTEP drawing of 4a.
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Scheme 1. Proposed reaction pathway.

as the reactant under the same condition as above and urea was
used as the by-product with the side reaction of CS; and amine.
Excitingly, the yield of 4k improved to 89.3% when propyl-
amine hydrochloride and Et;N were employed (Table 3,
Entry 3). The different primary amine hydrochlorides 2i-2r
bearing the various linear and branched chain alkyl groups,
benzyl group all yielded the corresponding products in 48.9-
89.3% yields (Table 3, Entries 1-10). Cyclohexylamine was
obtained in 48.9% yield because of the low reactivity due to the
steric hindrance of cyclohexylamine.

According to these results, a possible mechanism for this
reaction was proposed in Scheme 1. First, the intermediate 5
was afforded by the addition of amine to CS,.!” Subsequently,
the initial addition product 6 was obtained as the sulfur of
intermediate 5 attacked 1 and further to its tautomer 7, and then,
the product 4 was obtained through the same sulfur-attack
procedure. At the same time, the intermediate 5 added to the
amine and turned into the by-product urea.'®

In summary, we have developed an efficient and facile one-
pot approach of synthesizing naphthoquinone-1,3-dithioles via
2,3-dichloro-1,4-naphthoquinone and amines involving CS,.
Fatty amines and amino acid ester all gave the corresponding
product in good yield. This reaction will stimulate the synthetic
applications of sulfur-containing heterocycles by employing
these inexpensive reagents of CS,. Therefore, the potential
applications of these compounds will be interesting in pharma-
ceutical and material research. Further related investigation on
the synthesis and applications will be ongoing in our laboratory.

We gratefully acknowledge the financial support from the
Natural Science Foundation of China (No. 21176223) and the
Key Innovation Team of Science and Technology in Zhejiang
Province (No. 2010R50018).

www.csj.jp/journals/chem-lett/


http://www.csj.jp/journals/chem-lett/

References and Notes

1

10

11

Chem. Lett. 2013, 42, 921-923

a) D. A. Horton, G. T. Bourne, M. L. Smythe, Chem. Rev.
2003, 703, 893. b) D. Konning, W. Hiller, M. Christmann,
Org. Lett. 2012, 14, 5258. c¢) Z. Jiang, P. Lu, Y. Wang, Org.
Lett. 2012, 14, 6266. d) 1. Bae, H. Han, S. Chang, J. Am.
Chem. Soc. 2005, 127, 2038. e) S. Horii, I. Ishimaru, Y.
Ukaji, K. Inomata, Chem. Lett. 2011, 40, 521. f) J. S. Yadav,
A. P. Singh, D. C. Bhunia, A. K. Basak, P. Srihari, Chem.
Lett. 2008, 37, 624. g) S. Suga, D. Yamada, J.-i. Yoshida,
Chem. Lett. 2010, 39, 404.

a) A. Alizadeh, N. Zohreh, H. Sabahnoo, Z. Noaparast,
Tetrahedron 2011, 67, 1709. b) H. Miyamura, M. Shiramizu,
R. Matsubara, S. Kobayashi, Chem. Lett. 2008, 37, 360. c) Y.
Wan, A. N. Kurchan, L. A. Barnhurst, A. G. Kutateladze,
Org. Lett. 2000, 2, 1133. d) P. A. Ottersbach, P. W.
Elsinghorst, H.-G. Héicker, M. Giitschow, Org. Lett. 2010,
12, 3662.

a) L. S. Konstantinova, O. A. Rakitin, C. W. Rees, Chem.
Rev. 2004, 104, 2617. b) O. A. Attanasi, L. De Crescentini,
G. Favi, P. Filippone, G. Giorgi, F. Mantellini, G.
Moscatelli, M. S. Behalo, Org. Lett. 2009, 11, 2265. c) F.
Wang, S. Cai, Z. Wang, C. Xi, Org. Lett. 2011, 13, 3202. d)
K. Tanaka, A. Wada, K. Noguchi, Org. Lett. 2006, 8, 907. e)
K. Nakano, G. Tatsumi, K. Nozaki, J. Am. Chem. Soc. 2007,
129, 15116. f) A. Hagooly, S. Rozen, J. Org. Chem. 2004,
69, 8786. g) L. Shi, X. Liu, H. Zhang, Y. Jiang, D. Ma,
J. Org. Chem. 2011, 76, 4200.

a) M. Bendikov, F. Wudl, D. F. Perepichka, Chem. Rev.
2004, 104, 4891. b) M. B. Nielsen, C. Lomholt, J. Becher,
Chem. Soc. Rev. 2000, 29, 153.

F. Dumur, N. Gautier, N. Gallego-Planas, Y. Sahin, E.
Levillain, N. Mercier, P. Hudhomme, M. Masino, A.
Girlando, V. Lloveras, J. Vidal-Gancedo, J. Veciana, C.
Rovira, J. Org. Chem. 2004, 69, 2164.

a) L.-O. Klotz, P. Patak, N. Ale-Agha, D. P. Buchczyk, K.
Abdelmohsen, P. A. Gerber, C. von Montfort, H. Sies,
Cancer Res. 2002, 62, 4922. b) V. K. Tandon, D. B. Yadav,
R. V. Singh, A. K. Chaturvedi, P. K. Shukla, Bioorg. Med.
Chem. Lett. 2005, 15, 5324. ¢) S. Kumar, W. P.
Malachowski, J. B. DuHadaway, J. M. LalLonde, P. J.
Carroll, D. Jaller, R. Metz, G. C. Prendergast, A. J. Muller,
J. Med. Chem. 2008, 51, 1706. d) B. Kesteleyn, N.
De Kimpe, J. Org. Chem. 2000, 65, 640.

M. Rueping, E. Sugiono, E. Merino, Angew. Chem., Int. Ed.
2008, 47, 3046.

V. K. Tandon, R. B. Chhor, R. V. Singh, S. Rai, D. B. Yadav,
Bioorg. Med. Chem. Lett. 2004, 14, 1079.

L. Salmon-Chemin, E. Buisine, V. Yardley, S. Kohler, M.-A.
Debreu, V. Landry, C. Sergheraert, S. L. Croft, R. L. Krauth-
Siegel, E. Davioud-Charvet, J. Med. Chem. 2001, 44, 548.
M. O. F. Goulart, C. L. Zani, J. Tonholo, L. R. Freitas, F. C.
de Abreu, A. B. Oliveira, D. S. Raslan, S. Starling, E. Chiari,
Bioorg. Med. Chem. Lett. 1997, 7, 2043.

E. P. Sacau, A. Estévez-Braun, A. G. Ravelo, E. A. Ferro, H.
Tokuda, T. Mukainaka, H. Nishino, Bioorg. Med. Chem.

12

13

14

15

16

17

18

© 2013 The Chemical Society of Japan

923

Lertt. 2003, 11, 483.

A. Fujiwara, T. Mori, A. lida, S. Ueda, Y. Hano, T. Nomura,
H. Tokuda, H. Nishino, J. Nat. Prod. 1998, 61, 629.

For selected examples, see: a) N. K. Sundholm, A. E. Smith,
J. Am. Chem. Soc. 1951, 73, 3459. b) P. G. Ruminski, L. A.
Suba, J. J. D’Amico, Phosphorus, Sulfur Silicon Relat.
Elem. 1984, 19, 335. ¢) W.-Q. Fan, M.-D. Ruan, X.-P. Wang,
C.-]. Ye, K.-X. Huang, R.-H. Lin, Synth. Commun. 1992, 22,
3053. d) A. A. Aly, A. B. Brown, K. M. El-Shaieb, A. A.
Hassan, T. M. 1. Bedair, J. Chem. Res. 2009, 689.

General procedure for synthesis of ethyl 2-(4,9-dioxo0-4,9-
dihydronaphtho[2,3-d][1,3]dithiol-2-imino)-3-phenylpropa-
noate (4a):'> A mixture of 2,3-dichloro-1,4-naphthoquinone
(1a, 1.0mmol, 0.226 g, 1.0 equiv), phenylalanine ethyl ester
hydrochloride (2a, 1.2mmol, 0.276g, 1.2 equiv), CS, (3a,
Smmol, 0.381g, 5.0equiv), triethylamine (3.2 mmol,
0.324 g, 3.2equiv) in CH,Cl, (5.0 mL),was stirred at 0°C
under air condition for 2.5h, determined by GC-MS and
TLC. The solvent was removed under vacuum and the
resulting crude product was purified by chromatography on
silica gel eluted using CH,Cl, as the eluent to afford the
desired product 4a as red solid (0.348 g, yield 82.3%, mp:
149-150°C). '"HNMR (500 MHz, CDCls): § 8.12-8.08 (m,
2H), 7.78-7.74 (m, 2H), 7.31-7.28 (m, 2H), 7.26-7.20 (m,
3H), 422 (q, J=7.0Hz, 2H), 3.93 (dd, J; =5.5Hz,
J, =8.5Hz, 1H), 3.32 (dd, J, = 5.0Hz, J, = 13.5Hz, 1H),
3.14 (dd, J; = 8.0Hz, J, = 13.0Hz, 1H), 1.26 (t,J = 8.0Hz,
3H); 3CNMR (CDCls, 125MHz): § 176.1, 175.5, 169.6,
160.7, 143.6, 142.6, 136.6, 134.3 (2C), 132.0, 131.9, 129.6
(20), 128.5 (2C), 127.1 (2C), 127.0, 73.4, 61.6, 39.1, 14.1;
EI-MS  m/z: 42418 [M+H]"; Anal. Caled for
CigH;7NO4S,: C, 62.10; H, 4.50; N, 3.29; S, 15.07%.
Found: C, 62.39; H, 3.97; N, 3.17; S, 14.69%.
Experimental procedures, characterizations, and NMR spec-
tra of compound 4 and X-ray crystal structure of compound
4a are in Supporting Information. Supporting Information is
available electronically on the CSJ-Journal Web site, http:/
www.cs].jp/journals/chem-lett/index.html.

CCDC 915881 (4a) contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via http://www.ccdc.cam.ac.uk/data_request/cif.

a) G. Ung, D. Mendoza-Espinosa, J. Bouffard, G. Bertrand,
Angew. Chem., Int. Ed. 2011, 50, 4215. b) F. Dumur, X.
Guégano, N. Gautier, S.-X. Liu, A. Neels, S. Decurtins, P.
Hudhomme, Eur. J. Org. Chem. 2009, 6341. c) M. Guerro,
N. H. Pham, J. Massue, N. Bellec, D. Lorcy, Tetrahedron
2008, 64, 5285. d) C. F. Marcos, C. Polo, O. A. Rakitin,
C. W. Rees, T. Torroba, Chem. Commun. 1997, 879. ¢) Y.
Yamamoto, H. Takagishi, K. Itoh, J. Am. Chem. Soc. 2002,
124, 28. f) M. R. Maddani, K. R. Prabhu, J. Org. Chem.
2010, 75, 2327. g) W. Clegg, R. W. Harrington, M. North, P.
Villuendas, J. Org. Chem. 2010, 75, 6201.

A. F. McKay, M. Skulski, D. L. Garmaise, Can. J. Chem.
1958, 36, 147.

www.csj.jp/journals/chem-lett/


http://dx.doi.org/10.1021/cr020033s
http://dx.doi.org/10.1021/cr020033s
http://dx.doi.org/10.1021/ol302420k
http://dx.doi.org/10.1021/ol303023y
http://dx.doi.org/10.1021/ol303023y
http://dx.doi.org/10.1021/ja0432968
http://dx.doi.org/10.1021/ja0432968
http://dx.doi.org/10.1246/cl.2011.521
http://dx.doi.org/10.1246/cl.2008.624
http://dx.doi.org/10.1246/cl.2008.624
http://dx.doi.org/10.1246/cl.2010.404
http://dx.doi.org/10.1016/j.tet.2010.12.055
http://dx.doi.org/10.1246/cl.2008.360
http://dx.doi.org/10.1021/ol005705k
http://dx.doi.org/10.1021/ol101471g
http://dx.doi.org/10.1021/ol101471g
http://dx.doi.org/10.1021/cr0200926
http://dx.doi.org/10.1021/cr0200926
http://dx.doi.org/10.1021/ol900545v
http://dx.doi.org/10.1021/ol2011105
http://dx.doi.org/10.1021/ol053044r
http://dx.doi.org/10.1021/ja076056b
http://dx.doi.org/10.1021/ja076056b
http://dx.doi.org/10.1021/jo0485280
http://dx.doi.org/10.1021/jo0485280
http://dx.doi.org/10.1021/jo200535e
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1039/a803992e
http://dx.doi.org/10.1021/jo035689f
http://dx.doi.org/10.1016/j.bmcl.2005.08.032
http://dx.doi.org/10.1016/j.bmcl.2005.08.032
http://dx.doi.org/10.1021/jm7014155
http://dx.doi.org/10.1021/jo990676g
http://dx.doi.org/10.1002/anie.200705110
http://dx.doi.org/10.1002/anie.200705110
http://dx.doi.org/10.1016/j.bmcl.2004.01.002
http://dx.doi.org/10.1021/jm001079l
http://dx.doi.org/10.1016/S0960-894X(97)00354-5
http://dx.doi.org/10.1016/S0968-0896(02)00542-4
http://dx.doi.org/10.1016/S0968-0896(02)00542-4
http://dx.doi.org/10.1021/np9800147
http://dx.doi.org/10.1021/ja01151a138
http://dx.doi.org/10.1080/03086648408077598
http://dx.doi.org/10.1080/03086648408077598
http://dx.doi.org/10.1080/00397919209409253
http://dx.doi.org/10.1080/00397919209409253
http://dx.doi.org/10.3184/030823409X12561978806846
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/index.html
http://www.ccdc.cam.ac.uk/data_request/cif
http://dx.doi.org/10.1002/anie.201100420
http://dx.doi.org/10.1002/ejoc.200900985
http://dx.doi.org/10.1016/j.tet.2008.03.032
http://dx.doi.org/10.1016/j.tet.2008.03.032
http://dx.doi.org/10.1039/a701340j
http://dx.doi.org/10.1021/ja016510q
http://dx.doi.org/10.1021/ja016510q
http://dx.doi.org/10.1021/jo1001593
http://dx.doi.org/10.1021/jo1001593
http://dx.doi.org/10.1021/jo101121h
http://dx.doi.org/10.1139/v58-018
http://dx.doi.org/10.1139/v58-018
http://www.csj.jp/journals/chem-lett/

